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(54) LIGHT DIFFUSING SHEET 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a light diffusing sheet in which 
the quantity of light from one surface is larger, the loss in light is 
suppressed, uniformly diffused light with no irregularity in the 
luminance can be emitted from the other surface, and no wrinkles are 

produced even when the sheet is heated by the light and heat from the 3- 

light source and which can be easily manufactured. 
SOLUTION: The sheet 1 is made of a light-transmitting resin having 
rough patterns on both surfaces 1a, 1b of the sheet in such a manner 
that the average roughness of one surface la where light enters is 
higher than the average roughness of the other surface lb where the 
light exits and that the surface area rate of the one surface la is 
smaller than the surface area rate of the other surface lb. The average 
surface roughness of one surface ranges from 0.3 to 5.0 )im, the 
surface roughness of the other surface lb ranges from 0.3 to 1 .5 ^m, 

the surface area rate of one surface la ranges from 1.001 to 1.080, and the surface area rate of the other 
surface lb ranges from 1.010 to 1.250. A light-diffusing agent having 0.5 to 50 \im average particle size may 
be incorporated by 0.1 to 2.0 wt.% into the light-transmitting resin. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical diffusion sheet used for the back light unit of a liquid crystal 
display, an electric-spectaculars signboard, lighting covering, an arcade, a lighting plate, the eye hiding plate of a 
balcony, etc. 
[0002] 

[Description of the Prior Art] The general back light unit of a liquid crystal display consists of this optical light guide 
plate [ with which the dot for optical diffusion was printed by the rear face ], light source [ which has been arranged at 
one side or the both sides of this light guide plate ], optical diffusion sheet [ which was piled up on these light guide 
plates (cold cathode tube etc.) ], and diffusion sheet top, or a lens film (prism sheet) piled up up and down.^ 
[0003] The optical diffusion sheet built into this back light unit prevents difftising the light from a light guide plate in 
homogeneity, and a dot being able to be seen in the display screen, or achieves the duty which suppresses optical loss 
and emits the diffused light to homogeneity to a liquid crystal panel side. 

[0004] As such an optical diffusion sheet, at least on one side of** transparence base material While performing 
embossing to one side or both sides of a sheet (patent No. 2665301) and ** transparence plastic film in which the 
optical diffusion layer which contains a polymer bead and a non-subtlety particle as a light diffusion agent was prepared 
and forming irregularity in them The sheet (patent No. 2562265) which formed random irregularity in the front face 
without making the sheet (JP,1 1-33771 1,A) and ** light diffusion agent which prepared the optical diffusion layer 
containing a particle in one side or both sides contain is known. 
[0005] 

[Problem(s) to be Solved by the Invention] However, the polymer bead which projects from the front face of an optical 
diffusion layer, and the non-subtlety particle damaged the lens film piled up on it, for the dedropping-from optical 
diffusion layer, and cone reason, visibility was inadequate by the impact etc., the grace of a display fell, and the optical 
diffusion sheet of ** had problems, like a manufacturing cost worsens [ the yield ] highly. 

[0006] Moreover, although diffusibility has been improved with the irregularity formed in one side or both sides, since 
the optical diffusion layer containing a particle was prepared in the fi^ont face, the optical diffusion sheet of ** had the 
same problem as the optical diffusion sheet of **, and since it needed two processes of the concavo-convex formation 
process by embossing, and the formation process of an optical diffusion layer, it had the problem that a manufacturing 
cost increased. 

[0007] Moreover, the optical diffusion sheet of** had the problem that light scattering becomes uneven, brightness 

varied partially or the dot of a surface of light-guard plate could be [ **** / that light scattering is inadequate in the 
shape of toothing of the front face formed in one side or both sides being unsuitable ] seen. Moreover, it became hot 
with the light and the heat from the light source, and there was also a problem that a wrinkle occurred on an optical 
diffusion sheet. 

[0008] The place which this invention is made in view of the above-mentioned problem, and is made into the purpose 
has much close quantity of light from one side, and is to offer the easy optical diffusion sheet of manufacture which 
suppresses optical loss few and can emit the uniform diffused light without the variation in brightness from an opposite 
side. Moreover, even if it becomes hot with the light and the heat from the light source, a wrinkle does not occur, but 
other purposes have little optical loss, and are to offer the optical diffusion sheet which is stabilized and performs 
uniform optical diffusion. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the optical diffusion sheet conceming 
claim 1 of this invention Are larger than the average side granularity of the opposite side where the average side 
granularity of one side which irregularity is formed in sheet both sides and tums into a light entering surface serves as a 
light exiting surface. And it is the sheet with which the rate of surface area of this one side consists of translucency resin 



smaller than the rate of surface area of this opposite side. Average side granularity of this one side is characterized by 

the rate of surface area of 0.3-1 .5 micrometers and this one side being [ the rates of surface area of 1 .001 -1 .080, and this 

opposite side ] 1.010-1.250 for the average side granularity of 0.3-5.0 micrometers and this opposite side. 

[0010] "Average side granularity" is JIS here. B It extends to three dimensions so that center line average-of-roughness- 

height Ra defined by 0601 can be applied to a measuring plane, and it is "the value which averaged the absolute value 

of the deflection from the datum level to the appointed side", and is computed by the following formula. 

[0011] 

[Equation l]^ ^ 

Ra = jLP r^|F(X'.Y)-Zo|dXdY 

So *JYb JXL 

[0012] The inside of a formula and Ra are average side granularity and SO. The datum-level product of a measuring 
plane and F (X, Y) are JISB. The granularity curve and ZO which developed to the field f (x) defined by 0601 The 
height of datum level is shown. 

[0013] And "the rate of surface area" means the rate (S/SO) of the actual surface area S to the area SO when assuming 
that a measuring plane is a flat side. 

[0014] It is required to be easy to enter in a sheet equally [ abbreviation of a lot of / in order to suppress optical loss few 
and to make the uniform diffused light without the variation in brightness emit / light from one side of an optical 
diffiision sheet ], and for the opposite side to which light comes out to be excellent in an optical diffusion. While 
making it a lot of light enter eqxially [ abbreviation ] from this one side by making concavo-convex distribution density 
coarse while making the difference of elevation of the irregularity of one side used as a light entering surface larger than 
the irregularity of an opposite side, the optical diffusion sheet of claim 1 By preventing interference and diffraction of 
light and on the other hand distributing small and densely the difference of elevation of the irregularity of the opposite 
side used as a light exiting surface fi"om the irregularity of one side, the diffused light which raises the optical diffusion 
of an opposite side and is emitted out of a panel is retumed to a panel inside, and it serves to reduce optical loss. 
[0015] Namely, the optical diffusion sheet of claim 1 has average side granularity Ra of one side used as a light entering 
surface larger than that of an opposite side. Since it is in the range of 0.3-5.0 micrometers, and the rate of surface area of 
this one side is smaller than that of an opposite side and is in the range of 1.001-1.080, The irregularity of this one side 
is the difference of elevation (magnitude) and distribution density suitable for ON light with an equal abbreviation, and 
so, if this optical diffusion sheet is piled up on the light guide plate of for example, a back light unit Since the great 
portion of light which progresses while reflecting the interior of a light guide plate moderately enters into a sheet 
equally [ abbreviation ] from whole one side of a sheet, optical loss hardly produces little partial variation of the close 
quantity of light, either. And average side granularity Ra of the opposite side used as the light exiting surface of this 
optical diffusion sheet is smaller than that of above-mentioned one side. Since it is in the range of 0.3-1.5 micrometers, 
and the rate of surface area of this opposite side is larger than that of above-mentioned one side and it is in the range of 
1.010-1.250, The irregularity of this opposite side serves as the concavo-convex magnitude and distribution density 
which were distributed densely finely and were suitable for dispersion of light from the irregularity of above-mentioned 
one side, and so, it can emit the diffused light without the variation in brightness, making homogeneity diffuse light 
enough with the irregularity of this opposite side. 

[0016] In the above-mentioned optical diffusion sheet, if 1.030-1.070, and the rate of surface area of an opposite side 
are set [ the average side granularity of one side / 1 .0-3.0 micrometers and the average side granularity of an opposite 
side ] to 1.050-1.200 for 0.5-1.5 micrometers, nothing, and the rate of surface area of one side as indicated to claim 2, 
optical diffusion becomes much more good and can emit the more uniform diffused light. 

[0017] Next, the optical diffusion sheet concerning claim 3 of this invention is characterized by the light diffusion agent 
containing in the translucency resin in above-mentioned claim 1 or the optical diffusion sheet of 2. 
[0018] Since the light which entered into the sheet from one side diffuses such an optical diffusion sheet also with a 
light diffusion agent, its optical diffusion improves further. Moreover, since a wrinkle does not occur on a sheet even if 
telescopic motion of a sheet becomes small and is heated with the light from the light source by the light diffusion 
agent, it can be stabilized and the uniform diffused light can be emitted. 

[0019] If the above-mentioned light diffusion agent has the mean particle diameter of 0.5-50 micrometers and contains 
it 0.1 to 20% of the weight in translucency resin as indicated to claim 4, it will become good [ diffusion ] much more 
[ it ], without checking transparency of light. Moreover, telescopic motion of the sheet by the heat from the light source 
can decrease, the formation of wrinkles can be stopped enough, and the stable diffused light can be acquired. 
[0020] 

[Embodiment of the Invention] Hereafter, the concrete operation gestalt of this invention is explained based on a 
drawing. 



[0021] Drawing 1 is the sectional view of the optical diffusion sheet concerning 1 operation gestalt of this invention. 
[0022] This optical diffusion sheet 1 is a sheet which consists of translucency resin with which irregularity was formed 
in sheet both sides la and lb. A polycarbonate with total light transmission high as translucency resin, polyester, 
Polyethylene, polypropylene, a polyolefine copolymer (for example, Polly 4-methyl pentene-1 grade), A polyvinyl 
chloride, annular polyolefine (for example, cyclo polyolefine etc.), Since thermal resistance was soft the good top, when 
thermoplastics, such as acrylic resin, polystyrene, and an ionomer, was used preferably, and especially polypropylene is 
built into a liquid crystal display. Since it does not deform to heat dissipation of the light source and an upper lens film 
(prism sheet) is not damaged, it is used preferably. 

[0023] Distribution density has become [ the difference of elevation ] larger than the irregularity formed in opposite side 
(top face) lb from which the irregularity formed in one side (inferior surface of tongue) la used as the light entering 
surface of this optical diffusion sheet 1 serves as a light exiting surface coarsely. That is, this one side la has average 
side granularity Ra larger than that of opposite side lb, is in the range of 0.3-5.0 micrometers, and its rate of surface 
area (S/SO) is smaller than that of opposite side lb, and it is in the range of 1 .001-1 .080. 
[0024] On the other hand, you make it distributed finely and densely rather than the irregularity by which the 
irregularity formed in opposite side (top face) lused as light exiting surface b was formed in above-mentioned one side 
la, average side granularity Ra is smaller than that of one side la, and it is in the range of 0.3-1 .5 micrometers, and the 
rate of surface area (S/SO) is larger than that of one side lb, and it is in the range of 1 .010-1 .250. 
[0025] The total light transmission can use such an optical diffusion sheet 1 as the sheet which also makes the Hayes 
value penetrate, becoming 60 - 95% and diffusing light well 94% or more (110 micrometers in thickness). 
[0026] After this optical diffusion sheet 1 carries out extrusion molding of the thermoplastics (what blended various 
additives if needed) of a raw material to the shape of a film thru/or a sheet, it can be efficiently manufactured by the 
approach of forming irregularity in sheet both sides with the up-and-down crimp attachment roll with which the fineness 
of a crimp differs. In addition, well-known approaches, such as pressing a film and a sheet with the press plate which 
has irregularity, forming them, or inserting into the crimp attachment roll of the upper and lower sides of this coating 
layer, and forming irregularity after spreading of a coating, are adopted. In addition, although the thickness of a sheet is 
not limited, in the case of the optical diffusion sheet used for the back light unit of a liquid crystal display, it is desirable 
to fabricate in thickness of about 0.025- 1 mm. 

[0027] As shown in drawing 1 , pile up the above-mentioned optical diffusion sheet 1 on a light guide plate 2, and on it, 
in piles, if incidence of the light is carried out to a light guide plate 2 from the light source 4 of light guide plate 2 flank, 
as mentioned already, the lens film 3 Since the irregularity of one side la of the optical diffusion sheet 1 is the 
difference of elevation (magnitude) and distribution density suitable for ON light. While reflection and the light which 
progresses while acting as Idemitsu enter into the optical diffusion sheet 1 equally [ abbreviation ] from the whole one 
side la of a sheet 1 and optical loss decreases, it stops also almost producing the partial variation of the close quantity of 
light for the interior of a light guide plate 2 moderately. And since the irregularity of opposite side lb of this sheet 1 
serves as the concavo-convex magnitude and distribution density which were distributed densely finely and were 
suitable for dispersion of light from the irregularity of the above-mentioned one side la, in the optical diffusion sheet 1, 
the light which carried out ON light is fully diffused with the irregularity of this opposite side lb, and the more uniform 
diffused light is emitted to the direction of the lens film 3. Therefore, the dot of light guide plate 2 rear face can be seen, 
or producing the variation in partial brightness is lost. In addition, 5 is a reflective sheet and is for carrying out ON light 
of the light which acts as Idemitsu caudad from a light guide plate 2 into a light guide plate 2 again. 
[0028] When it becomes small, and it is less than 0.3 micrometers, the rate of surface area of sheet one side la (S/SO) 
becomes larger than that of opposite side lb and average side granularity Ra of sheet one side la exceeds 1.080 from 
that of opposite side lb, the scattered reflection in sheet one side la increases, dissipation of the light from light guide 
plate 2 end face etc. takes place, the close quantity of light to a sheet 1 decreases, and brightness falls. Moreover, when 
average side granularity Ra of sheet one side la is less than 0.3 micrometers and the rate of surface area (S/SO) is less 
than 1 .001 Since the air space of the interface of this one side la and a light guide plate 2 becomes very thin, the light 
which progressed to the light guide plate 2 from the light source 4 hardly reflects regularly, and it is not spread to a 
distant place by specular reflection and the optical defect by interference, diffraction, etc. of light arises Conversely, 
although much light carries out ON light to a sheet 1 from the part near the light source 4 of a light guide plate 2 and the 
brightness of the part becomes high, since ON light only of the slight light is carried out to a sheet 1 but the brightness 
of the part falls, the whole is covered and the variation in brightness is produced from a part far from the light source of 
a light guide plate 2. Since it furthermore sticks too much with a light guide plate, deterioration of display grace, such as 
a blot of the color by interference of light etc., takes place. 

[0029] If average side granularity Ra of opposite side lb of a sheet 1 becomes larger than 1 .5 micrometers and the rate 
of surface area (S/SO) becomes small from 1.010, since optical diffusion will become inadequate on the other hand, field 
luminescence with them becomes difficult. [ there are many diffused-light components and uniform ] 



[0Q30] Especially average side granularity Ra of the above-mentioned sheet one side la 1.0-3.0 micrometers, If average 
side granularity of 1.030-1.070, nothing, and sheet opposite side lb is set to 0.5-1.5 micrometers and the rate of surface 
area is set to 1.050-1.200, the rate of surface area The optical diffusibility ability of this sheet 1 improves remarkably, 
without brightness falling, since the light fully scattered about from sheet opposite side lb is emitted, it becomes the 
uniform diffused light and variation is not produced in brightness. 

[003 1] In addition, even if it piles up the lens film 3, this lens film 3 does not almost get [ of one optical diffusion sheet 
which has the irregularity in which the tip had a radius of circle ] damaged, and it is used preferably. Moreover, there is 
also use which raises effectiveness by piling up the optical diffusion sheet 1 of two sheets so that the lens film 3 may be 
inserted. 

[0032] Drawing 2 is the sectional view of the optical diffusion sheet concerning other operation gestalten of this 
invention. 

[0033] Light diffusion agent Ic distributes and contains this optical diffusion sheet 10 in homogeneity in translucency 
resin. It contains in order to control heat telescopic motion of a sheet 10 and to lose the formation of wrinkles, while 
light diffusion agent Ic raises the diffusibility of light, and the minerals particle of the bead of translucency synthetic 
resin or translucency from which the translucency resin which constitutes a sheet 10, and an optical refractive index 
differ is used. As this light diffusion agent Ic, it is independent respectively, or they are used by metallic oxides, such as 
organic polymer particles, such as inorganic particles, such as a silica, a mica, synthetic mica, a calcium carbonate, a 
magnesium carbonate, a barium sulfate, talc, a montmorillonite, kaolin clay, a bentonite, and hectorite, an acrylic bead, 
a styrene bead, and benzoguanamine, titanium oxide, a zinc oxide, and an alumina, etc., for example, combining two or 
more sorts. 

[0034] As for the above-mentioned light diffusion agent Ic, that 0.1-100 micrometers of 0.5-50 micrometers of the 
mean particle diameter of whose are 1-15 micrometers most preferably is used. If particle size is smaller than 0.1 
micrometers, since it is easy to condense, even if dispersibility is bad and is able to distribute to homogeneity, the 
wavelength of light will be larger and dispersion effectiveness will worsen. Therefore, a particle with a magnitude [ 1.0 
more micrometers or more ] of about 0.5 micrometers or more is desirable. Moreover, if particle size is larger than 100 
micrometers, since light scattering becomes an ununiformity and a fall and particle of light transmission can be seen, it 
is not desirable. Therefore, the particle of the magnitude to 15 more micrometers of the magnitude to 50 micrometers is 
desirable. 

[0035] The content of light diffusion agent Ic is preferably good most preferably to consider as about 3 - 15 % of the 
weight 0.1 to 20% of the weight 0,05 to 40% of the weight. If it becomes less than 0.05 % of the weight, optical diffuser 
efficiency is not expectable, and when it increases more than 40 % of the weight, the amount of transparency of light 
decreases in the absorption and reflection by the particle, a display stops being able to be visible easily through an 
optical diffusion sheet, deterioration of quality is produced, and it stops being equal to use on the other hand. 
[0036] the sheet with which, as for the optical diffusion sheet 10 which made homogeneity contain the silica system 
light diffusion agent whose particle size is 1-15 micrometers preferably 0.1 to 20% of the weight about the silica system 
light diffusion agent whose particle size is 0.5-50 micrometers three to 15% of the weight, the total light transmission 
does not contain a light diffiision agent, and abbreviation - it becomes the same, and a haze value becomes high, and it 
can be used as a back light unit of a liquid crystal display as an optical diffusion sheet excellent in the concealment 
nature which penetrates light well. 

[0037] Furthermore, if homogeneity is made to carry out distributed content of the light diffusion agent Ic, heat 
telescopic motion of the optical diffusion sheet 10 is controlled, even if the optical diffusion sheet 10 is heated by the 
heat of the light source 4, elongation becomes small, and even if the optical diffusion sheet 10 is being fixed, the 
formation of wrinkles can be stopped. Even in this case, if the content of a light diffusion agent is within the limits of 
the above, it is enough. 

[0038] It has the advantage that telescopic motion of a sheet 10 is controlled by light diffusion agent Ic, and the 
formation of wrinkles is prevented while its optical diffusion improves further, since the light which entered into the 
sheet 10 from one side la diffuses the optical diffusion sheet 10 which made light diffusion agent Ic contain as 
mentioned above also with a light diffusion agent. 

[0039] Next, the still more concrete example of this invention is explained. 

[0040] After carrying out extrusion molding of the [example 1] polypropylene resin to the shape of a sheet with a 
thickness of 1 10 micrometers, it let between the up-and-down crimp attachment rolls with which the fineness of a crimp 
differs pass, and the optical diffusion sheet which has irregularity to both sides was produced. 
[0041] WYKO surface type-like measuring device NT- when 2000 [the product made from WYKO] was used and 
average side granularity Ra was measured about the above-mentioned optical diffusion sheet in 230.6x175.4- 
micrometer measuring range, Ra of the opposite side where Ra of one side used as a light entering surface serves as 
0.445 micrometers and a light exiting sxirface was 0.305 micrometers. 



[00.42] Furthermore, when the probe microscope [the Seiko Instruments make] was used, and surface area was 
measured about the above-mentioned optical diffusion sheet in 400x400-micrometer measuring range and having been 
asked for the rate of surface area (S/SO), 1 .0064 and the rate of surface area of an opposite side of the rate of surface 
area of one side were 1 .0239. 

[0043] Subsequently, when total light transmission and the Hayes value were measured about the above-mentioned 
optical diffusion sheet using hazemeter [HGMby Suga Test Instruments Co., Ltd.]-2DP, total light transmission was 
95.0% and the Hayes value was 62.4%. 

[0044] moreover, the place which laid the above-mentioned optical diffusion sheet on the light guide plate of the back 
light unit for liquid crystal displays, turned on the light source, put luminance-meter nt-1 "p by Minolta Co., Ltd. on the 
distance of 22cm from the optical diffusion sheet, and measured brightness ~ 94.3 cd/m2 it was . Moreover, when it 
observed visually whether the dot on the rear face of a light guide plate would be concealed by coincidence, the dot was 
concealed completely, and was not visible and dot concealment nature was good. 

[0045] The optical diffusion sheet which has irregularity to both sides was produced like the example 1 except having 
used the up-and-down crimp attachment roll with which the fineness of a crimp differs from the crimp attachment roll 
of the [example 2] example 1 . 

[0046] Average side granularity Ra of this optical diffusion sheet, the rate of surface area (S/SO), total light 
transmission. The place measured like the example 1 about the Hayes value, brightness, and the concealment nature of a 
dot, Average side granularity Ra of the opposite side where average side granularity Ra of one side used as a light 
entering surface serves as 0,642 micrometers and a light exiting surface 0.322 micrometers, 96.4 cd/m2 and the 
concealment nature of a dot were [ 1 .0385 and total light transmission / the Hayes value / brightness ] good [ the rate of 
surface area of one side / 1 .0077 and the rate of surface area of an opposite side ] 64.5% 95.1%. 
[0047] The measurement result of the above examples 1 and 2 is collectively indicated to the following table 1. 
[0048] Four kinds of following optical diffusion sheets which have irregularity to both sides were produced like the 
example 1 except having used the up-and-down crimp attachment roll with which the fineness of the [examples 1-4 of 
comparison] crimp differs. 

[0049] ** The optical diffusion sheet 0.321 micrometers and whose average side granularity Ra of an opposite side 
average side granularity Ra of one side is 0.052 micrometers (the rate of surface area is not measured), ** The optical 
diffusion sheet 0.331 micrometers and whose average side granularity Ra of an opposite side average side granularity 
Ra of one side is 0.328 micrometers (the rate of surface area is not measured), 0.394 micrometers and average side 
granularity Ra of an opposite side ** 0.286 micrometers, [ average side granularity Ra of one side ] The optical 
diffusion sheet 1 .0043 and whose rate of surface area of an opposite side the rate of surface area of one side is 1 .0141, 
** The optical diffusion sheet 1.0032 and whose rate of surface area of an opposite side 1.007 micrometers and the rate 
of surface area of one side are [ average side granularity Ra of one side ] 1.0068 for 1.248 micrometers and average side 
granularity Ra of an opposite side. 

[0050] And it measured like [ nature / the total light transmission of the optical diffusion sheet of these **s - ** the 
Hayes value, brightness, and / of a dot / concealment ] the example 1, and the result was written together to the 
following table 1. 
[0051] 
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[0052] In addition, among Table 1, the concealment nature of O of a dot is good, it is shown that a dot is not checked by 
looking, and x shows that the concealment nature of a dot is bad and the dot was checked by looking. 
[0053] When this table 1 is seen, the average side granularity of one side (light entering surface) is larger than that of an 
opposite side (light exiting surface). Within the limits whose average side granularity of one side the rate of surface area 
of one side is smaller than that of an opposite side, and is 0.3-5.0 micrometers, The rate of surface area of within the 
limits whose average side granularity of an opposite side is 0.3-1.5 micrometers, and one side Within the limits of 
1.001-1.080, For the optical diffusion sheet of the examples 1 and 2 of this invention which has the rate of surface area 



of an opposite side within the limits of 1.010-1 .250, total light transmission is as high as 95% or more, the Hayes value 
is as moderate as 62.4% and 64.5%, and brightness is 94 cd/m2. It is as high as the above and the concealment nature of 
a dot is also good. 

[0054] On the other hand, even if the average side granularity of one side (light entering surface) is larger than that of an 
opposite side (light exiting surface) Substantially, also although total light transmission and the Hayes value are good, 
the optical diffusion sheet of the example 1 of a comparison which is less than the range whose average side granularity 
of an opposite side is 0.3-1.5 micrometers, and double-sided average side granularity the same optical diffusion sheet of 
the example 2 of a comparison Brightness is 72.7 cd/m2 and 74.8 cd/m2. It turns out that it is low and dot concealment 
nature is also bad. 

[0055] Moreover, even if the optical diffusion sheet of the example 3 of a comparison with which the average side 
granularity of an opposite side (light exiting surface) does not fill the conditions of this invention even if the double- 
sided rate of surface area fulfills the conditions of this invention, and double-sided average side granularity fulfill the 
conditions of this invention The optical diffusion sheet of the examples 3 and 4 of a comparison with which the rate of 
surface area of an opposite side does not fill the conditions of this invention is understood that brightness is low too and 
the concealment nature of a dot is also bad. 

[0056] As opposed to the polypropylene resin used in the [examples 3-8] example 1 mean particle diameter - a silica 
system light diffusion agent (4 micrometers and 8 micrometers) (the Fuji SHIRISHIA chemistry incorporated company 
make -) As it reaches silo FO big 505 and is shown in the following table 2, 4004 1.5 % of the weight. After adding 
10% of the weight and mixing to homogeneity 5% of the weight 2.5% of the weight, extrusion molding was carried out 
to the shape of a sheet with a thickness of 1 10 micrometers, and the optical diffusion sheet which has irregularity to 
sheet both sides was produced using the crimp attachment roll other than the crimp attachment roll used in the example 
1 . In addition, the optical diffusion sheet of the same thickness which does not contain the above-mentioned light 
diffusion agent at all as an example 5 of a comparison was produced using the same crimp attachment roll. 
[0057] While measuring the total light transmission and the Hayes value of these optical diffusion sheets like the 
example 1 , average side granularity and the rate of surface area were measured like the example 1 about some optical 
diffusion sheets, and the measurement result was collectively indicated to the following table 2. Furthermore, while 
measuring the rate of linear expansion in Shimadzu 50 [ apparatus-for-thermomechanical-analysis TMA-] about each 
optical diffusion sheet of examples 7 and 8 and the example 5 of a comparison, the tension elastic modulus in 60 
degrees C was measured about the optical diffusion sheet of examples 4, 7, and 8 and the example 5 of a comparison, 
and the result was also written together to Table 2. This tension modulus of elasticity is measured with the dynamic 
viscoelasticity equipment RSA made fi-om LEO metric scientific EFU I. moreover, the constant temperature maintained 
at the conditions of the temperature of 60 degrees C, and 90% of humidity where it cut each optical diffusion sheet in 
the fixed dimension and four points of the comer are fixed - it writes together to Table 2 also about the result of having 
observed the condition of the optical diffusion sheet after leaving it for ten days in constant humidity equipment 
visually. In addition, in Table 2, x shows, respectively that the wrinkle generated on the sheet that, as for **, the wrinkle 
generated slightly that O did not have the formation of wrinkles around the fixed portion. 
:0058] 
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[0059] When this table 2 was seen, total light transmission showed the value as 100% also with the optical diffusion 
sheet of the example 5 of a comparison same [ the optical diffusion sheet of examples 3-8 ]. The reason has strong light 



scattering of each sheet, and in case total Hght transmission is measured by the hazemeter, since it reflected, and the 
scattered Hght overlapped and was measured, it is guessed. On the other hand, to the sheet of the example 5 of a 
comparison of the Hayes value being 86.5%, the sheet of examples 3-8 is 87.6 - 92.3%, and is high no less than 1.1 to 
5.8%, and it tumed out that it is the optical diffusion sheet excellent in the concealment nature which penetrates light 
well. Especially the sheet of the examples 5 and 6 which blended the light diffusion agent whose mean particle diameter 
is 8 micrometers Even if mean particle diameter compares the light diffusion agent which is 4 micrometers with the 
sheet of the examples 3 and 4 which carried out tales-doses addition The sheet of the examples 5-8 which the Hayes 
value is high 3.1% and no less than 0.7%, and blended the light diffusion agent with a mean particle diameter of 8 
micrometers compared with the sheet of the example 5 of a comparison It turns out that the Hayes value is high no less 
than 4.2 to 5.8%, and the thing with a mean particle diameter of 8 micrometers is excellent as a light diffusion agent. 
The mean particle diameter of a light difftision agent has 5-10 micrometers better than this. 
[0060] Moreover, the rate of linear expansion of the sheet of examples 7 and 8 is very small with 30.1% and 30.7% 
compared with the rate of linear expansion of the sheet of the example 5 of a comparison, respectively, and even if it 
becomes hot with the heat of the light source, it turns out that elongation is the sheet which a wrinkle cannot generate 
easily small, furthermore, constant temperature - in a wrinkling trial vnth constant humidity equipment, it turns out that 
the formation of wrinkles is improved except for the sheet of an example 3, and the formation of wrinkles is lost even if 
the formation of wrinkles is not especially seen with the sheet of examples 6, 7, and 8 but it becomes hot by the light 
source in real use. In addition, the particle size of a light diffusion agent is understood that 8 micrometers is good also in 
this wrinkling trial. Furthermore, the sheet of the examples 7 and 8 which blended the light diffusion agent with a mean 
particle diameter of 8 micrometers is the sheet with which the tension elastic modulus at the time of a 60-degree C 
elevated temperature is also high with a sheet, has the drag force by deformation, and has rigidity further, and it turns 
out that it is the sheet which a wrinkle cannot generate easily. 

[0061] Heat telescopic motion of a sheet is small and this resuh shows that a wrinkle does not occur, even if it uses the 
optical diffusion sheet containing a light diffusion agent for the back light unit of a liquid crystal display etc. and 
becomes hot with the light from the light source. 
[0062] 

[Effect of the Invention] The optical diffusion sheet of this invention has much close quantity of light from one side, 
optical loss is suppressed few, the uniform diffused light with little variation in brightness can be emitted from an 
opposite side, and concealment nature does so the remarkable effectiveness that it is good and can manufacture easily so 
that clearly from the above explanation. Moreover, since the formation of wrinkles can be controlled that are and it 
contracts hard to expand even if it can make the Hayes value high, it can raise concealment nature and it becomes hot by 
the light source, the optical diffusion sheet which the light diffusion agent contained can be used suitable for the back 
light unit of a liquid crystal display. 
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Patent Claims 

/2 

Claim 1 

An optical sheet which is an optical sheet in possession 
of a transparent substrate layer & an optical layer (s) 
bearing an optical function (s) and which is characterized by 
the additional lamination of a transparent metal oxide film 
bearing electroconductivity . 
Claim 2 

An optical sheet mentioned in Claim 1 wherein the 
aforementioned metal oxide film has been laminate by means of 
deposition. 
Claim 3 

An optical sheet mentioned in Claim 2 wherein ITO is 
used as the metal oxide constituting the aforementioned metal 
oxide film. 
Claim 4 

An optical sheet mentioned in Claim 1, Claim 2, or Claim 
3 wherein the surface resistance of the aforementioned metal 
oxide film is 5 Q/D or above and 500 Q/D or below. 
Claim 5 

An optical sheet mentioned in any one of Claims 1 
through 4 wherein the aforementioned metal oxide film has 
been laminated on the front surface and/or rear surface of 
the substrate layer. 
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Claim 6 

An optical sheet mentioned in any one of Claims 1 
through 4 wherein the aforementioned metal oxide film has 
been laminated on the front surface and/or rear surface 
thereof . 
Claim 7 

An optical sheet mentioned in any one of Claims 1 
through 6 wherein the aforementioned optical layer possesses 
a binder and a light diffusion agent dispersed within said 
binder. 
Claim 8 

An optical sheet mentioned in any one of Claims 1 
through 6 wherein the aforementioned optical layer possesses 
a striped triangular prism unit. 
Claim 9 

An optical sheet mentioned in any one of Claims 1 
through 8 which additionally possesses, on the side opposite 
the optical layer side of the aforementioned substrate layer, 
an anti-sticking layer formed by dispersing beads within a 
binder . 
Claim 10 

A backlight unit for a liquid crystal display device 
which is a backlight unit for a liquid crystal display device 
designed to disperse beams emitted from a lamp and guide the 
same toward the front surface side thereof and which is 
characterized by the possession of the optical sheet 
mentioned in any one of Claims 1 through 9. 
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Detailed explanation of the invention 



[0001] 

(Technical fields to which the invention belongs) 

The present invention concerns an optical sheet endowed 
with specified optical functions (e.g-, diffusion, 
collection, refraction, reflection, etc.) and suitable, above 
all, for backlight units for liquid crystal display devices 
as well as a backlight unit that uses the same. 

[0002] 
(Prior art) 

The backlight format whereby a liquid crystal layer is 
illuminated from behind for inducing light emission has 
become popularized for liquid crystal display devices, 
according to which a backlight unit is orchestrated on the 
lower plane side of a liquid crystal layer. Such a backlight 
unit (20) is generally constituted, as Figure 3 (a) 
indicates, to possess a bar-shaped lamp (21) provided as a 
light source, a light guide panel (22) of a rectangular shape 
configured in a state where the terminal unit thereof 
parallels said lamp (21) , and multiple optical sheets (23) 
laminated on the front surface side of said light guide panel 
(22) . These respective optical sheets (23) serve specified 
optical functions (e.g., refraction, diffusion, etc.) and are 
concretely instantiated by a light diffusion sheet (24) 
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configured on the front surface side of the light guide panel 
{22) , a prism sheet (25) configured on the front surface side 
of the light diffusion sheet (24), etc. 
[0003] 

The functions of this backlight unit (20) will be 
explained; first, incident beams arriving at the light guide 
panel (22) from the lamp (21) become reflected not only by- 
reflective dots or reflective sheets (not shown in the 
figure) on the rear plane of the light guide panel (22) but 
also by the respective profile planes thereof and then 
emitted from the front surface of the light guide panel (22) . 
Beams exiting the front surface of the light guide panel (22) 
arrive at and are then diffused by the light diffusion sheet 

(24) , as a result of which they become emitted from the front 
surface of the light diffusion sheet (24) . Beams 
subsequently exiting the light diffusion sheet (24) arrive at 
the prism sheet (25) , whereas beams bearing a distribution 
wherein the peak thereof coincides with a virtually straight 
upward direction become emitted from the prism unit (25a) 
formed on the front surface of the prism sheet (25) . Beams 
emitted from the lamp (21) thus become diffused by the light 
diffusion sheet (24) , become refracted by the prism sheet 

(25) in such a way to yield a peak coinciding with a 
virtually straight upward direction, and then illuminate the 
entire plane of a liquid crystal layer positioned further 
above (not shown in the figure) . 

[0004] 
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within another known backlight unit not shown in the 
figure, furthermore, such optical sheets (23) as a light 
diffusion sheet, prism sheet, etc. are further configured in 
consideration of the beam collection characteristics of the 
above-mentioned prism sheet (25) , etc. 
[0005] 

One constituted to possess a substrate layer (26) made 
of a transparent synthetic resin and an optical layer (27) 
capable of diffusing light & laminated on the front surface 
of said substrate layer (26) is being generally used as the 
light diffusion sheet (24) , as Figure 3 (b) indicates, 
whereas said optical layer (27) bears a structure provided by 
dispersing a light diffusion agent (29) (e.g., resin beads, 
glass beads, etc.) within a binder (28). Moreover, one 
constituted to possess, either as an integrated unit or 
separate entities, a substrate layer made of a transparent 
synthetic resin & a triangular prism unit (equivalent to an 
optical layer) (25a) abutting, as a striped pattern, from the 
front surface of said substrate layer is being used as the 
prism sheet (25), as Figure 3 (a) indicates. In other words, 
the optical sheets (23) of the backlight unit (20) are 
constituted to serve specified optical functions, and thus, 
there exist, at present, none to which functions other than 
optical functions have deliberately been assigned. 
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[0006] 

(Problems to be solved by the invention) 

A liquid crystal display device with which the 
aforementioned backlight unit (20) has been integrated, on 
the other hand, may become accompanied by such inconveniences 
as blurs, flickers, etc. on the liquid crystal display screen 
under the pervasion of electromagnetic waves generated from 
the lamp (21), inverter, etc. as well as action errors of 
other instruments under the pervasion of said electromagnetic 
waves as noises. Attempts have been made in the prior art, 
for the purpose of preventing such inconveniences, to shield 
electromagnetic waves by outfitting an ITO deposition film on 
a liquid crystal display device or by configuring, on the 
same, a copper sheet or a tape of a gold foil, silver foil, 
copper foil, etc. These electromagnetic wave shield 
mechanisms, however, entail, due to the additional 
orchestration of a component (s) other than optical functional 
components, not only thickness & weight gains of the liquid 
crystal display device but also possible proliferations of 
beam losses. 
[0007] 

/3 

The objective of the present invention, which has been 
conceived in acknowledgment of these inconveniences, is to 
provide an optical sheet capable of shielding electromagnetic 
waves as well as a backlight unit capable of mitigating the 
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thickness & weight of a liquid crystal display device and 
beam losses. 

[0008] 

(Mechanism for solving the problems) 

One invention conceived for the purpose of solving the 
aforementioned problems concerns an optical sheet which is an 
optical sheet in possession of a transparent substrate layer 
Sc an optical layer (s) bearing an optical function (s) and 
which is characterized by the additional lamination of a 
transparent metal oxide film bearing electroconductivity. 
The ''substrate layer" as it is hereby referred to signifies a 
layer for ensuring the strength, shape, etc. of an optical 
sheet, whereas the ''optical layer" signifies a layer designed 
to serve a specified optical function such as diffusion, 
collection, refraction, reflection, etc., although a case 
where both layers have been integrally formed without clear- 
cut boundaries is conceptually encompassed as well. 
Moreover, the "transparency" represents a concept not limited 
to colorless transparency but encompassing colored 
transparency, semi -transparency, etc. as well. 
[0009] 

Not only are specified optical functions served by the 

optical layer (s) of said optical sheet but electromagnetic 

waves generated from a lamp, etc. can also be shielded by a 

concomitantly laminated metal oxide film bearing 

# 

electroconductivity. • It therefore becomes possible to 



prevent effects of electromagnetic waves such as blurs, 
flickers, etc. on liquid crystal display screens, action 
errors of other instruments, etc. Since the metal oxide film 
orchestrated for shielding electromagnetic waves is 
transparent, furthermore, beam losses attributed to the metal 
oxide film can be minimized, and accordingly, the 
aforementioned optical functions remain unhindered. 
[0010] 

It is desirable for the aforementioned metal oxide film 
to be laminated by means of deposition. It becomes possible, 
according to such a deposition measure, to laminate a thin & 
dense metal oxide. For this reason, the aforementioned 
electromagnetic wave shield function becomes facilitated, and 
the beam loss mitigation function of the metal oxide film 
also becomes facilitated. 
[0011] 

It is desirable to use ITO as the metal oxide 
constituting the aforementioned metal oxide film. Said ITO 
(indium- tin oxide) bears an excellent electroconductivity & 
transparency and is suitable as an electromagnetic wave 
shield material to be laminated on the optical sheet. 
[0012] 

It is desirable for the surface resistance of the 
aforementioned metal oxide film to be 5 Q/D or above and 500 
Q/D or below. In a case .where the surface resistance of the 
metal oxide film laminated on the optical sheet is thus 
confined to the aforementioned range, it becomes possible to 

10 



ensure the effectiveness of the aforementioned 
electromagnetic wave shield function. 
[0013] 

The aforementioned metal oxide film may be safely 
laminated on the front surface and/ or rear surface of the 
substrate layer. The front & rear surfaces of a substrate 
layer are normally flat, and therefore, the lamination of a 
metal oxide on such a siibstrate layer affords the maximal 
manufacturing ease. Since the strength, heat resistance, 
etc. of the substrate layer are the highest among all 
constituent materials of the optical sheet, furthermore, it 
becomes possible to elevate, to the highest possible level, 
the temperature of the lamination target (i.e., substrate 
layer) on an occasion for laminating the metal oxide film 
and, as a result, not only to up the elect roconductivity of 
the metal oxide film but also to improve the electromagnetic 
wave shield function. 
[0014] 

The aforementioned metal oxide film may, on the other 
hand, be laminated on a prevailing front surface and/or rear 
surface (i.e., front surface and/or rear surface of optical 
sheet) . It becomes possible, in a case where a metal oxide 
film is thus laminated on the outer plane of the optical 
sheet, to ensure the effectiveness of the aforementioned 
electromagnetic wave shield function. 
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[0015] 

It is desirable to laminate the aforementioned metal 
oxide film on a so-called ''bead-coated light diffusion sheet" 
wherein the .aforementioned optical layer includes a binder & 
a light diffusion agent dispersed within said binder. Since 
the essential function of the light diffusion agent is the 
homogeneous diffusion of transmission beams, light diffusion 
hindrances are minimal even if the transparency somewhat 
becomes attenuated as a result of the lamination of the metal 
oxide film. 
[0016] 

It is also possible to laminate the aforementioned metal 
oxide film on a prism sheet wherein the aforementioned 
optical layer possesses a striped triangular prism unit. 
Such a prism sheet is normally configured on the front 
surface of a backlight unit, and therefore, it becomes 
possible, in a case where the aforementioned metal oxide film 
is laminated on the prism sheet according to this mechanism, 
to shield electromagnetic waves at the position closest to 
the liquid crystal panel and to effectively inhibit fliclcers 
8c blurs on the liquid crystal screen. 
[0017] 

It is also possible to configure, on the side opposite 
the optical layer side of the aforementioned substrate layer, 
an anti-sticlcing layer formed by dispersing beads within a 
binder. The sticking of said optical sheet and a light guide 
panel, etc. configured atop the same can be prevented by said 
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anti-sticking layer, and accordingly, interference patterns & 
luminosity irregularities arising on a liquid crystal display 
screen due to sticking can be inhibited. 
[0018] 

In a case where a backlight unit for a liquid crystal 
display device designed to disperse beams emitted from a lamp 
and guide the same to the front surface side thereof - is 
constituted to possess the aforementioned optical sheet, 
therefore, it becomes possible to dispense with an ITO 
deposition film, etc. used for liquid crystal display devices 
of the prior art and accordingly to facilitate attempts to 
reduce the thickness & weight of the liquid crystal display 
device and to improve the luminosity of the same. 

[0019] 

(Application embodiments of the invention) 

In the following, application embodiments of the present 
invention will be explained in detail with reference 
adventitiously to figures. Figure 1 is a schematic cross- 
sectional view diagram which shows the optical sheet of an 
application embodiment of the present invention, whereas 
Figure 2 is a schematic cross-sectional view diagram which 
shows the optical sheet of an embodiment different from that 
of the optical sheet of Figure 1. 
[0020] 

The optical sheet (1) of Figure 1 is specifically a 
light diffusion sheet constituted to possess a substrate 
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layer (2) , an optical layer (light diffusion layer) (3) 
laminated on the front surface of said substrate layer (2), 
and a metal oxide film (4) laminate on the rear surface of 
said substrate layer (2) . 
[0021] 

The substrate layer (2) is formed by a transparent, 
above all colorless & transparent, synthetic resin since it 
must transmit light. There are no special restrictions on 
synthetic resins used for said substrate layer (2) , and they 
may, for example, be . instantiated by polyethylene 
terephthalate, polyethylene naphthalate, acrylic resin, 
polycarbonate, polystyrene, polyolefins, cellulose acetate, 
weather-resistant vinyl chloride, etc. Of these, 

polyethylene terephthalate, polyethylene naphthalate, & 
polycarbonate are especially 

/i 

desirable due to advanced heat resistances thereof.- For the 
purpose of improving the heat resistance, dimensional 
stability, etc., furthermore, it is also possible to disperse 
& internalize, within the interior of the substrate layer 
(2) , ultraf ine inorganic particles of colloidal silica, 
colloidal aluminum oxide, colloidal calcium carbonate, 
smectite, mica, titanium oxide, zirconium oxide, antimony 
oxide, zinc oxide, magnesium oxide, talc, alumina, barium 
sulfate, asbestos, etc. 



14 



[0022] 

There ' are no special restrictions on the thickness 
(i.e., average thickness) of the sxibstrate layer (2), 
although it may, for example, be designated at 10 jam or above 
and 500 pm or below, preferably 35 jam or above and 250 ym or 
above. In a case where the thickness of the substrate layer 
(2) is smaller than the aforementioned range, curling is 
likely to occur on an occasion where a resin composition is 
coated for forming the optical layer (3) , accompanied by the 
inconvenience of handling difficulty. Conversely, in a case 
where the thickness of the substrate layer (2) exceeds the 
aforementioned range, the luminosity of the liquid crystal 
display device may become attenuated, and furthermore, the 
enlarged thickness of the backlight unit contradicts the 
thickness reduction requirement for the liquid crystal 
display device. 
[0023] 

The optical layer (3) is constituted by a binder (5) and 
a light diffusion agent (6) dispersed within said binder (5) . 
The light diffusion agent (6) thus dispersed is capable of 
diffusing, in virtually homogeneous manners, beams 
transmitted through the optical layer (3) from rear to front 
surfaces thereof. In a case where the upper end of the light 
diffusion agent (6) is induced to protrude from the binder 
(5) , furthermore, beams can be diffused more effectively. 
Incidentally, there are no special restrictions on the 
thiclcness of the optical layer (3) {i.e., thicJcness of a 
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binder (5) portion excluding the light diffusion agent (6)}, 
although it may, for example, be designated at approximately 
1 lim or above and 30 ijm or below. 
[0024] 

Synthetic resins used for the binder (5) may, for 
example, be instantiated by acrylic resins, polyurethanes, 
polyesters, fluorinated resins, silicone resins, 
polyamideimides, epoxy resins, etc. Apart from the 

aforementioned polymer(s), furthermore, it is also possible 
to mix, with the binder (5) , the likes of a plasticizer, 
stabilizer, ant i- degradation agent, dispersant, etc. The 
synthetic resin used as the binder (5) is mandated to be 
transparent, above all, ' colorless & transparent, in 
acknowledgment of the need to transmit beams. 
[0025] 

The light diffusion agent (6) consists of particles 
bearing a beam diffusing profile, and such particles are 
classified roughly into inorganic fillers & organic fillers. 
Inorganic fillers are concretely instantiated by silica, 
aluminum hydroxide, aluminum oxide, zinc oxide, barium 
sulfide, magnesium silicate, and corresponding mixtures. 
Organic fillers are concretely instantiated by acrylic 
resins, acrylonitrile resins, polyurethanes, polyvinyl 
chlorides, polystyrenes, polyacrylonitriles, polyamides, etc. 
[0026] 

There are no special restrictions on the shapes of the 
light diffusion agent (6) , and they may, for example, be 
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instantiated by spherical, cubic, acicular, bar-shaped, bell- 
shaped, sheet-shaped, flaky, fibrous, etc., and above all, 
spherical beams are especially desirable since they exhibit 
excellent light diffusion capacities. 
[0027] 

It is desirable for the lower limit on the average 
particle size of the light diffusion agent (6) to be 3 \xm, 
more preferably 5 pm, or most preferably 8 ]im, whereas it is 
desirable for the upper limit on the average particle size of 
the light diffusion agent (6) to be 35 pm, more . preferably 30 
pm, or most preferably 25 pm. In other words, in a case 
where the average particle size of the light diffusion agent 
(6) is smaller than the aforementioned range, depressions & 
protrusions formed on the optical layer (3) surface by the 
light diffusion agent (6) become miniscule, as a result of 
which it may become impossible to satisfy the light diffusion 
requirement for the light diffusion sheet, whereas, 
conversely, in a case where the average particle size of the 
light diffusion agent (6) exceeds the aforementioned range, 
the thickness of the optical sheet (1) becomes enlarged, and 
furthermore, the homogeneous diffusion of light becomes 
difficult . 
[0028] 

It is desirable for the lower limit on the mixing ratio 
of the light diffusion agent (6) {mixing ratio with respect 
to 100 parts of the polymer content of the binder (5) } to be 
0.1 part, more preferably 5 part, or most preferably 10 
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parts, whereas it is desirable for the upper limit on the 
mixing ratio of the light diffusion agent (6) to be 500 
parts, more preferably 300 parts, or most preferably 200 
parts. In other words, in a case where the mixing ratio of 
the light diffusion agent (6) is lower than the 
aforementioned range, the light diffusion becomes 
insufficient, whereas in a case where the mixing ratio of the 
light diffusion agent (6) exceeds the aforementioned range, 
the effect of fixing the light diffusion agent (6) becomes 
attenuated. 
[0029] 

The metal oxide film (4) is formed by a transparent 
metal oxide bearing electroconductivity . Usable metal oxides 
are instantiated by ITO (indium-tin oxide) , ATO (antimony-tin 
oxide) , cobalt oxide, tin oxide, titanium oxide, zinc oxide, 
aluminum oxide, etc. Above all, the ITO is especially 
desirable as the constituent material of said metal oxide 
film (4) in that it bears an excellent transparency and a 
high electroconductivity. 
[0030] 

There are no special restrictions on methods for forming 
said metal oxide film (4) , and usable methods may, for 
example, be instantiated by deposition (PVD method) , ion 
plating method, IBD method, IBSD method, IBAD method, 
sputtering method, chemical plating (non-electrolytic 
plating), etc. Above all, deposition is especially desirable 
for the present optical sheet (1) in that it is capable of 
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forming a thin & dense metal oxide film (4) and of yielding a 
metal oxide film (4) bearing a high electroconductivity and 
therefore an advanced electromagnetic wave shield effect. 
This deposition may be executed based on the vacuum 
deposition method, sputtering method, etc. 
[0031] 

Incidentally, the transparency & electroconductivity of 
a case where the metal oxide film (4) is formed by means of 
deposition depend vitally on the retention temperature of the 
substrate layer (2) , namely a treatment target substrate, in 
the course of film formation. In a case where this retention 
temperature is low, the transparency & electroconductivity 
become attenuated. The substrate layer (2) , on the other 
hand, is formed by a synthetic resin, as has been mentioned 
earlier, and it is impossible to designate said retention 
temperature at 180°C or above, whereas it is difficult to up 
the transparency & electroconductivity of a metal oxide film 
(4) deposited at such a retention temperature due to the 
amorphous state thereof . A method for upping the 

transparency & electroconductivity of a metal oxide film (4) 
by irradiating a laser beam after film formation has 
accordingly been developed (refer, for example, to Japanese 
Patent Application Publication Kokai No. Hei 10 [1998] -12060 
Gazette) . 
[0032] 

It is desirable for the lower limit on the suarface 
resistance of the metal oxide film (4) to be 5 Q/D. It is 
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desirable, on the other hand, for the upper limit on the 
surface resistance of the metal oxide film (4) to be 500 Q/D, 
above all 250 □/□. In other words, in a. case where the 
surface resistance of the metal oxide film (4) exceeds the 
aforementioned upper limit, the aforementioned 

electromagnetic wave shield effect becomes attenuated, 
whereas, conversely, it is necessary, from the standpoint of 
designating said surface resistance below the aforementioned 
lower limit value, to up the temperature during the 
deposition of the metal oxide film (4), as a result of which 
thennal strains of the substrate layer (2) & 

/5 

degradations of the optical layer (3) become incurred, and it 
becomes difficult to use the light diffusion sheet. 
[0033] 

Next, the method for manufacturing said optical sheet 
(1) will be explained. This method for manufacturing said 
optical sheet (1) possesses (a) : A process whereby a metal 
oxide film (4) is laminated on the rear plane of a substrate 
layer (2) by depositing a metal oxide, etc., (b) : A process 
whereby an optical layer coating solution is prepared by 
mixing a light diffusion agent (6) with a resin composition 
constituting a binder (5) , and (c) : A process whereby this 
optical layer coating solution is coated on the front surface 
of the substrate layer (2) for laminating an optical layer 
(3).- 
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[0034] 

A light diffusion effect is. achieved by the optical 
layer (3) of said optical sheet (1) , whereas electromagnetic 
waves generated from a lamp, etc. can be shielded by the 
metal oxide film (4) of the same. It therefore becomes 
possible to prevent inconveniences attributed to leaks of 
electromagnetic waves, namely flickers on liquid crystal 
display screens & action errors of other instruments, etc. 
[0035] 

The optical sheet (11) of Figure 2 is constituted by a 
substrate layer (2) , an optical layer (3) laminated on the 
front surface of said substrate layer (2) , a metal oxide film 
(4) laminated on the rear plane of the substrate layer (2) , 
and an anti- sticking layer (12) laminated on the rear plane 
of this metal oxide film (4) . Since said substrate layer 
(2), optical layer (3), & metal oxide film (4) are identical 
to their counterparts of the application embodiment shown in 
Figure 1, they are designated to bear identical notations for 
avoiding overlapping explanations. A light diffusion effect 
is therefore achieved by the optical layer (3) of said 
optical sheet (1) [sic: Presumably ''(H)"]/ whereas 
electromagnetic waves generated from a lamp, etc. can be 
shielded by the metal oxide film (4) of the same. 
[0036] 

The anti-sticking layer (12) is constituted by a binder 
(13) and beads (14) dispersed within said binder (13) . The 
constituent material of the binder (13) may be similar to 
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that of the binder (5) for the optical layer (3) , whereas 
ones similar to those constituting the light diffusion agent 
(6) of the optical layer (3) can be used as the beads (14) . 
There are no special restrictions on the thickness of this 
ant i- sticking layer (12) {thickness of the binder (13) ^ 
portion excluding the beads (14)}, although it may, for 
example, be designated at approximately 1 pm or above and 10 
lim or below. 
[0037] 

Since the mixing ratio of the beads (14) is relatively 
low, the respective beads (14) dispersed within the binder 
(13) are mutually separated. Lower ends of large numbers of 
the beads (14) protrude > in extremely miniscule manners, from 
the binder (13) . In a case where this optical sheet (11) 
becomes laminated on a light guide panel, therefore, the 
lower ends of protruding beads (14) become contacted with the 
surface of the light guide panel, etc., based on which the 
contact of the entire rear plane of the optical sheet (11) 
with the light guide panel, etc. can be avoided- It 
accordingly becomes possible to prevent the mutual sticking 
of the optical sheet (11) & the light guide panel, etc. and 
to inhibit luminosity irregularities of the screen of a 
liquid crystal display device. 
[0038] 

Next, the method for manufacturing the optical sheet 
(11) will be explained. This method for manufacturing said 
optical sheet (11) possesses (a) : A process whereby a metal 
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oxide film (4) is laminated on the rear plane of a substrate 
layer (2) by depositing a metal oxide, etc., (b) : A process 
whereby an optical layer * coating solution is prepared by 
mixing a light diffusion agent (6) with a resin composition 
constituting a binder (5) , (c) : A process whereby this 
optical layer coating solution is coated on the front surface 
of the substrate layer (2) for laminating an optical layer 

(3) , (d) : A process whereby an anti- sticking layer coating 
solution is prepared by mixing beads (14) with a resin 
composition constituting a binder (13) , and (e) : A process 
whereby this anti-sticking layer coating solution is coated 
on the rear plane of the metal oxide film (4) for laminating 
an anti -sticking layer (12) . 

[0039] 

In a case where the aforementioned optical sheet (1) or 
(11) is used as the light diffusion sheet (24) of a backlight 
unit (20) for the liquid crystal display device shown in. 
Figure 3 (a) constituted by a lamp (21) , a light guide panel 
(22) , and optical sheets (23) including the light diffusion 
sheet (24) & prism sheet (25) and designed to disperse beams 
emitted from the lamp (21) and guide the same to the front 
surface side thereof, therefore, electromagnetic waves become 
shielded by said optical sheet (1) or (11) , and it becomes 
possible not only to dispense with an ITO deposition film, 
etc. used for liquid crystal display devices of the prior art 
and but also to facilitate attempts to reduce the thickness & 
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weight of the liquid crystal display device and to improve 
the luminosity of the same. 
[0040] 

Incidentally, the optical sheets of the present 
invention are not limited to those of the aforementioned 
application embodiments, and it is possible, for example, to 
laminate the metal oxide film (4) on the front surface of the 
substrate layer (2) , or such films may also be laminated on 
both front & rear planes of the substrate layer (2) . The 
metal oxide film (4) may, furthermore, be laminated on the 
front surface of the optical layer (3) or on the rear plane 
of the anti- sticking layer (12) . Electromagnetic wave shield 
functions are served by each of these mechanisms. The metal 
oxide film (4) may, on the other hand, be laminated on the 
rear or frontal plane of a prism sheet (i.e., prism plane) 
for serving similar electromagnetic wave shield functions. 

[0041] 

(Effects of the invention) 

As the foregoing explanations have demonstrated, optical 
layers of the optical sheet of the present invention serve 
specified optical functions, whereas electromagnetic waves 
emitted from a lamp, etc. can be shielded by the metal oxide 
film of the same, as a result of which it becomes possible to 
prevent inconveniences attributed to leaks of electromagnetic 
waves, namely flickers on liquid crystal display screens & 
action errors of other instruments, etc. 
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[0042] 

A backlight unit constituted to possess said optical 
sheet, furthermore, is capable of dispensing with an ITO 
deposition film, etc. used for liquid crystal display devices 
of the prior art by virtue of the electromagnetic wave shield 
effect ascribed to said optical sheet. As a result, it 
becomes possible to facilitate attempts to reduce the 
thickness & weight of the liquid crystal display device and 
to improve the luminosity of the same. 

Brief explanation of the figures 

Figure 1: A schematic cross -sectional view diagram which 
shows the optical sheet of an application embodiment of the 
present invention. 

Figure 2: A schematic cross -sectional view diagram which 
shows the optical sheet of an embodiment different from that 
of the optical sheet of Figure 1. 

Figures 3: (a) is a schematic oblique view diagram which 
shows a general edge light- type backlight unit, whereas (b) 
is a schematic cross-sectional view diagram which shows a 
general light diffusion sheet. 
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(Explanation of notations) 

(1) : Optical sheet; 

(2) : Substrate layer; 

(3) : Optical layer; 

(4) : Metal oxide film; 

(5) : Binder; 

(6) : Light diffusion agent; 

(11) : Optical sheet; 

(12) : Ant i- sticking layer; 

(13) : Binder; 

(14) : Beads. 

Figure 1 
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